Direktantriebe absolut positioniert. Kalibrierung von rotativen Messsystemen in Direktantrieben by Depenthal, Claudia
$MBVEJB%FQFOUIBM
%JF"OXFOEVOHWPOSPUBUJWFO.PUPSFOBMT%JSFLUBOUSJFCF
XJSEWPOEFO)FSTUFMMFSOJNNFSEBOOFNQGPIMFOXFOO
IäDITUF %ZOBNJL VOE (FOBVJHLFJU HFGPSEFSU TJOE XJF
EJFT[#CFJ%SFIUJTDIFOEFS'BMMJTU%BEJF%JSFLUBOUSJFCF
CFJEFO%SFIUJTDIFO[VSBCTPMVUFO1PTJUJPOJFSVOHWFSXFO
EFUXFSEFOLBOOEFSEBCFJ[VFSXBSUFOEF8JOLFMGFIMFS
[VHSPXFSEFO8FOOEJFTEFS'BMMJTUNVTTFJOF,BMJCSJF
SVOHEVSDIHFGùISUXFSEFO6NIJFSCFJBVDIIPDIGSFRVFO
UF5FJMVOHTGFIMFS[VFSGBTTFOVOEWFSCMFJCFOEF3FTUGFIMFS
EFVUMJDI[VNJOJNJFSFOXVSEFFJOF&SXFJUFSVOHEFT4UBO
EBSEWFSGBISFOTGùSEJF,BMJCSJFSVOHWPO8JOLFMNFTTTZT
UFNFO FOUXJDLFMU EJF EJF #FTUJNNVOH FJOFS ,BMJCSJFS
GVOLUJPONJUIPIFS4UùU[QVOLUBO[BIMHBSBOUJFSU
6OUFSEFOSPUBUJWFO%JSFLUBOUSJFCFOJTUEFS%SFIUJTDIQSÅEFTUJOJFSU
GÛSIPDIQSÅ[JTFVOEEZOBNJTDIF1PTJUJPOJFSVOHTBVGHBCFO*N-B
CPS EFT (FPEÅUJTDIFO *OTUJUVUT EFS 6OJWFSTJUÅU ,BSMTSVIF 	(*,

LPNNFO[XFJ%SFIUJTDIFWPO*%".	*/"m%SJWFT.FDIBUSPOJDT

[VN&JOTBU[EJFBMT%JSFLUBOUSJFCBVTHFGÛISUTJOEVOE[XBSFJO%5
1YVOE%51YNJU1MBOVOE3VOEMBVGHFOBVJHLFJ
UFO WPO N %BCFJ XJSE EFS %51 GÛS EFO "OUSJFC FJOFT
TDIXFOLCBSFO%SFIBSNTFJOHFTFU[U#FJCFJEFO%SFIUJTDIFOJTUEJF
;VPSEOVOH[VFJOFSBCTPMVUFO1PTJUJPOFSGPSEFSMJDIVOEEBIFSXJSE
FJOF IPIF8JOLFMHFOBVJHLFJU HFGPSEFSU %JF %SFIUJTDIF TJOENJU
EFN.FTTTZTUFN&ODPEFS,JU3WPO/VNFSJL+FOBBVTHFTUBUUFUEBT
ÛCFSFJOF"VëÕTVOHWPOiC[XiWFSGÛHU%JF.FTTTZTUFNF
BSCFJUFO OBDI EFN JOLSFNFOUBMFO .FTTWFSGBISFO 'ÛS EFO "O
TDIMVTTBOFJOBCTPMVUFT#F[VHTTZTUFNCFêOEFUTJDIBVGEFS3BTUFS
TDIFJCFFJOF3FGFSFO[NBSLF%JF(FOBVJHLFJUEFS8JOLFMQPTJUJPOT
NFTTVOHXJSE VOUFS BOEFSFNEVSDIEJF 5FJMVOHTHFOBVJHLFJU EFS
3BTUFSTDIFJCFEJF&Y[FOUSJ[JUÅUEFS5FJMVOH[VS-BHFSVOHEJF-BHF
BCXFJDIVOH [XJTDIFO3BTUFSTDIFJCFVOE.FTTNPEVMVOEEVSDI
EFO*OUFSQPMBUJPOTGFIMFSCFFJOëVTTU'ÛSEFO[VFSXBSUFOEFO8JO
LFMGFIMFSğFJOEFS&JOIFJUTXJSEWPN)FSTUFMMFSGPMHFOEF"CTDIÅU
[VOHBOHFHFCFO
NJU%<NN>BMT5FJMVOHTEVSDINFTTFSEFS3BTUFSTDIFJCFVOEF<N>
GÛS EJF &Y[FOUSJ[JUÅU EFS 5FJMVOH [VS %SFIBDITF FJOTDIMJFMJDI
   BOUSJFCTUFDIOJL
%*3&,5"/53*&#& '034$)6/(&/58*$,-6/(
%JSFLUBOUSJFCFBCTPMVUQPTJUJPOJFSU
,BMJCSJFSVOHWPOSPUBUJWFO.FTTTZTUFNFOJO%JSFLUBOUSJFCFO
"VUPSJO%JQM*OH$MBVEJB%FQFOUIBMJTU8JTTFOTDIBGUMJDIF
.JUBSCFJUFSJOBN(FPEÅUJTDIFO*OTUJUVUEFS6OJWFSTJUÅU,BSMTSVIF
	5)

First published in: EVA-STAR (Elektronisches Volltextarchiv – Scientific Articles Repository) 
http://digbib.ubka.uni-karlsruhe.de/volltexte/1000010094 
3VOEMBVGBCXFJDIVOHEFS-BHFSVOH<>*TUOBDIFJOFSTPMDIFO"C
TDIÅU[VOHEFS8JOLFMGFIMFS[VHSPNVTTFJOF,BMJCSJFSVOHEVSDI
HFGÛISUVOEFJOF,BMJCSJFSGVOLUJPOCFTUJNNUXFSEFO%JF,BMJCSJFS
GVOLUJPOXJSEJO'PSNFJOFS4JOVTSFJIFBOHFTFU[UEJFEJF"CXFJ
DIVOHFOBOEFS5FJMLSFJTTUFMMFYNPEFMMJFSU
%JF'SFRVFO[FOGMEFS4DIXJOHVOHFOXFSEFOÛCFSFJOF'PVSJFSBOB
MZTFFSNJUUFMU"NQMJUVEFO"MVOE1IBTFOKM[VEFOFOUTQSFDIFOEFO
'SFRVFO[FOXFSEFOBOTDIMJFFOEEVSDIEJFt.FUIPEFEFSLMFJOT
UFO2VBESBUFi	(BV.BSLPW.PEFMM
HFTDIÅU[UVOEEJF"NQMJUV
EFOXFSEFONJU)JMGFEFT)ZQPUIFTFOUFTUTBVG4JHOJêLBO[HFQSÛGU
<>
3PTFUUFOWFSGBISFO
&JOTFJUMBOHFNCFLBOOUFT4UBOEBSEWFSGBISFOGÛSEJF,BMJCSJFSVOH
WPO8JOLFMNFTTTZTUFNFO JTU EBT TP HFOBOOUF3PTFUUFOWFSGBISFO
<>&TCFSVIUBVGFJOFN7FSHMFJDIBMMFSNÕHMJDIFOO5FJMVOHT
XJOLFMWPO[XFJ,SFJTUFJMVOHFOJOBMMFONÕHMJDIFOO¤O3FMBUJWMB
HFO[VFJOBOEFS%FS5FJMVOHTGBLUPSOFSHJCUTJDIBVTEFS"O[BIMEFS
CFUSBDIUFUFO,SFJTUFJMVOHTTUFMMFO*OKFEFS%SFIMBHFXJSEEJF4VN
NFEFSCFJEFO8JOLFMBCXFJDIVOHFOCFJEFS,SFJTUFJMVOHFOOBDIFJ
OBOEFSBOBMMFOO1PTJUJPOFOHFNFTTFO"VTEFOOí.FTTFSHFCOJT
TFOFSHJCUTJDIFJO(MFJDIVOHTTZTUFNNJUOí(MFJDIVOHFOVOEO
6OCFLBOOUFO GÛSEJFO 5FJMVOHTBCXFJDIVOHFOCFJEFS5FJMVOHFO
%BSBVTXFSEFOEJF5FJMVOHTGFIMFSCFJEFS4ZTUFNFCFSFDIOFUVOE
[XBSVOBCIÅOHJHWPN5FJMVOHTGFIMFSEFSKFXFJMTBOEFSFO5FJMVOH
&JO&JO[FMUFJMVOHTGFIMFS TUFMMU EFO5FJMVOHTGFIMFS FJOFT&JO[FMUFJ
MVOHTXJOLFMTEBSEFSXJFEFSVNBMT8JOLFM[XJTDIFOCFOBDICBSUFO
8JOLFMTDIFOLFMO[VWFSTUFIFOJTU%JF"EEJUJPOEFS&JO[FMUFJMVOHT
GFIMFSCF[PHFOBVGFJOF"OGBOHTQPTJUJPOXJSEBMT4VNNFOUFJMVOHT
GFIMFSCF[FJDIOFU%JFTF4VNNFOUFJMVOHTGFIMFSFOUTQSFDIFOTPNJU
EFOGPSUMBVGFOEFO8JOLFMGFIMFSOEFT1SÛëJOHTVOELÕOOFOEVSDI
EJF,BMJCSJFSGVOLUJPO	(MFJDIVOH
EBSHFTUFMMUXFSEFO
#FJEFS3FBMJTJFSVOHEFT.FTTBVGCBVTXJSE"VUPLPMMJNBUJPOHF
OVU[U %BCFJ XJSE FJO OëÅDIJHFT 4QJFHFMQPMZHPO [FOUSJTDI ÛCFS
EFNSPUBUJWFO%JSFLUBOUSJFCQPTJUJPOJFSUVOEEJF3JDIUVOHTBCXFJ
DIVOHFOEFS'MÅDIFOOPSNBMFOJOEFO8JOLFMQPTJUJPOFOEFT%SFI
UJTDIT XFSEFONJU FJOFN "VUPLPMMJNBUPS FSGBTTU 	#JME
.JUUFMT
"VUPLPMMJNBUJPOXFSEFO;FOUSJFSBCXFJDIVOHFOCFJEFS(FOFSJF
SVOHEFSFJO[FMOFO%SFIMBHFOVOTDIÅEMJDIHFNBDIU%VSDIEJFIP
IF JOOFSFNFDIBOJTDIF 4UBCJMJUÅU EFT 4QJFHFMQPMZHPOT XJSE FJOF
IPIF(FOBVJHLFJUFSSFJDIU"OEFSFSTFJUTJTUEBT7FSGBISFOBCFSJN
NFSBVGEJF"O[BIMEFS4QJFHFMëÅDIFOBMT4UÛU[QVOLUFCFTDISÅOLU
'PMHMJDILÕOOFO[#CFJFJOFNFS4QJFHFMQPMZHPOOVS5FJMVOHT
GFIMFSGÛSEJF8JOLFMCFTUJNNUXFSEFO%BNJUXJSEEJF.BYJ
NBMGSFRVFO[EFS,BMJCSJFSGVOLUJPOBVGO	IJFS
XFHFO&JOIBM
UVOHEFS/ZRVJTU'SFRVFO[CFTDISÅOLU4QJFHFMQPMZHPOFNJUNFIS
BMT'MÅDIFOTJOENFJTUTFISUFVFSVOEEBIFSFIFS&JOSJDIUVOHFO
XJFEFS15#WPSCFIBMUFO
&SXFJUFSVOHEVSDIvFJOHFIÂOHUF.FTTSFJIFOi
.JU FJOFN LBMJCSJFSUFO 4QJFHFMQPMZHPO LÕOOFO EJSFLU &JO[FMUFJ
MVOHTPEFS4VNNFOUFJMVOHTGFIMFSFJOFT%SFIUJTDITÛCFS"VUPLPM
MJNBUJPOVOEFJOFN4PMM*TU7FSHMFJDICFTUJNNUXFSEFO%JFTFSEJ
SFLUF8FHEFS5FJMVOHTGFIMFSCFTUJNNVOHMJFGFSUFJOF.ÕHMJDILFJU
EJF"O[BIMEFSEJTLSFUFO.FTTQVOLUF[VFSIÕIFOVOEGÛISU[VEFN
7FSGBISFOEFStFJOHFIÅOHUFO.FTTSFJIFOiEBTGÛS[XFJ.FTTSFJIFO
JO<>WPSHFTDIMBHFOXJSE&JOF.FTTSFJIFCFTUFIUJNNFSBVTEFO
.FTTVOHFOBOKFXFJMTBMMFO4QJFHFMëÅDIFOXÅISFOEFJOFSWPMMTUÅO
EJHFO6NESFIVOH&TXFSEFOOVONFISFSF.FTTSFJIFOKFXFJMTBO
VOUFSTDIJFEMJDIFO4UBSUQVOLUFOCFHPOOFOVOE[XBSTPEBTTEJFTF
JOOFSIBMCEFTFSTUFO4QJFHFMJOUFSWBMMTğYšO[XJTDIFO'MÅDIF
VOEMJFHFO4PMMFO[#NJUFJOFN[XÕMGTFJUJHFO1PMZHPO*OUFS
WBMMF	šUU"O[BIMEFS4UÛU[TUFMMFOÛCFSFJOFO7PMMLSFJT
CF
TUJNNUXFSEFOTPXJSEEJFFSTUF.FTTSFJIF	N
BOEFS/VMMQPTJ
UJPOEFT%SFIUJTDITNJU4QJFHFMëÅDIFCFHPOOFOVOEGÛSKFEF.FT
TVOHXJSEEFS%SFIUJTDIVNğY	IJFS
XFJUFSHFESFIU%JF[XFJUF
.FTTSFJIF	N
CFHJOOUOVOCFJEFS1PTJUJPOEFT%SFIUJTDIT
NJU1PMZHPOëÅDIFVOEFTXFSEFOXJFEFSVNBMMF*OUFSWBMMFHF
NFTTFO4PNJUFSHFCFOTJDI1PTJUJPOFOWPOwJO
EFSFSTUFO.FTTSFJIFVOEJOEFS[XFJUFO.FTT
SFJIF%JFTFT4DIFNBXJSETPXFJU GPSUHFTFU[UCJTFJOF3FEVOEBO[
EVSDIFJOFO4UBSUQVOLUBOEFSO UFO1PTJUJPO 	IJFS
FS
SFJDIUXJSE4PNJUTJOEEJF4UÛU[TUFMMFOUSFEVOEBOUCFTUJNNUVOE
LÕOOFO[VS¾CFSQSÛGVOHEFS.FTTVOHIFSBOHF[PHFOXFSEFO%BT
7FSGBISFO LBOO KF OBDI "VGXBOE BVG LMFJOFSF *OUFSWBMMTDISJUUF
	[#
FSXFJUFSUXFSEFO%JF"O[BIMNEFSFJO[FMOFO.FTTSFJIFO
SJDIUFUTJDIOBDIEFOHFXÅIMUFO*OUFSWBMMTDISJUUFOšU
%VSDIFJOFO4PMM*TU7FSHMFJDIXFSEFOGÛSKFEFFJO[FMOF.FTTSFJ
IFEJF4VNNFOUFJMVOHTGFIMFSCFTUJNNUEJFTPNJUEJF#FPCBDIUVO
HFOBOEFO,SFJTUFJMVOHTTUFMMFOYGÛSEJF#FTUJNNVOHEFS,BMJCSJFS
GVOLUJPO 	(MFJDIVOH
 MJFGFSO *N8FJUFSFO XFSEFO EFN #FHSJŀ
.FTTSFJIFOVOEJF FJO[FMOFO4VNNFOUFJMVOHTGFIMFS TVCTVNJFSU
%BTJDI4VNNFOUFJMVOHTGFIMFS JNNFSBVGFJOF"OGBOHT
QPTJUJPOCF[JFIFOFSHJCUTJDIIJFSEFêOJUJPOTHFNÅEBTTBOEFO
KFXFJMJHFO4UBSUQPTJUJPOFOEFS.FTTSFJIFOLFJO5FJMVOHTGFIMFSCF
TUJNNCBSJTU'PMHMJDIIBCFOBMMF.FTTSFJIFOHFHFOÛCFSEFSFSTUFO
.FTTSFJIF	4UBSUQPTJUJPO
FJOFO7FSTBU[EFSXFHFOEFS1FSJPEJ[J
UÅUÛCFSEFO7PMMLSFJTEVSDI;FOUSJFSVOHCFTFJUJHUXFSEFOLBOOXBT
JN'PMHFOEFOCFXJFTFOXJSE
'ÛSEFO/BDIXFJTLÕOOFOPIOF#FTDISÅOLVOHEFS"MMHFNFJOIFJU
GÛSEJF,BMJCSJFSGVOLUJPO	(MFJDIVOH
GPMHFOEF8FSUFBOHFOPN
NFOXFSEFO"MKMVOEGM%JFFSTUF.FTTSFJIFNJUO4UÛU[
QVOLUFOVOE4UBSUQVOLUMÅTTUTJDIEBOOBMTGPMHFOEF4JOVTSFJIF
EBSTUFMMFO
BOUSJFCTUFDIOJL  
%*3&,5"/53*&#&'034$)6/(&/58*$,-6/(
%SFIUJTDINJU4QJFHFMQPMZHPOVOE"VUPLPMMJNBUPS
1PTJUJPOTBCXFJDIVOH%51
'034$)6/(&/58*$,-6/(
#FTUFIUFJOF4JOVTSFJIFÛCFSFJO*OUFSWBMM<š>BVTNO4UÛU[QVOL
UFOTPMÅTTUTJDIEJFTFBVTN.FTTSFJIFONJUFOUTQSFDIFOEFO*OUFS
WBMMTDISJUUFO[VTBNNFOTFU[FOVOENJUEFN"EEJUJPOTUIFPSFNVN
GPSNFO	(MFJDIVOH
&TMÅTTUTJDI[FJHFOEBTTTPXPIMEJFHFTBNUF
4JOVTSFJIFBMTBVDIKFEFFJO[FMOF.FTTSFJIF[V/VMMXJSE<>
%BIFS LÕOOFO .FTTSFJIFO EJF [V FJOFS HMFJDIFO QFSJPEJTDIFO
'VOLUJPOHFIÕSFOÛCFSFJOFSFDIOFSJTDIF;FOUSJFSVOHJO#F[VHBVG
EJFFSTUF.FTTSFJIFBOFJOBOEFSHFIÅOHUXFSEFOPIOFEBTTQFSJPEJ
TDIF"OUFJMFFMJNJOJFSUXFSEFO
%B[VXJSEGÛSKFEF.FTTSFJIFFJO.JUUFMXFSUEFS4VNNFOUFJMVOHT
GFIMFSHFCJMEFU
8VSEFO[VWPSNJUEFN3PTFUUFOWFSGBISFO4VNNFOUFJMVOHTGFIMFS
CFTUJNNUTPMMUFEJFFSTUF.FTTSFJIFEVSDIEJF&SHFCOJTTFBVTEFN
3PTFUUFOWFSGBISFOFSTFU[UXFSEFOEBEJFTFFJOFIÕIFSF(FOBVJH
LFJUBVGXFJTFO7PSBVTTFU[VOHJTUKFEPDIEBTTTJDICFJEF.FTTVO
HFOBVGEJF3FGFSFO[QPTJUJPOPEFSFJOFOBOEFSFOFJOEFVUJHFO#F
[VHTQVOLUEFT%SFIUJTDITBMTFSTUFO4UBSUQVOLUCF[JFIFO#FJEFS
;FOUSJFSVOHXJSEEBOOEFS.JUUFMXFSUEFS4VNNFOUFJMVOHTGFIMFS
BVTEFN3PTFUUFOWFSGBISFOWFSXFOEFU
6NCFJEFS,BMJCSJFSGVOLUJPONFISFSF0CFSTDIXJOHVOHFOBMTP
'SFRVFO[FO GM [V CFTUJNNFONVTT EJF 4JOVTSFJIF 	(MFJDIVOH 

FOUTQSFDIFOEFSXFJUFSUXFSEFO'PMHMJDINVTT JN8FJUFSFOOPDI
WFSJê[JFSUXFSEFO PC CFJ FJOFS ;FOUSJFSVOH BMMF 'SFRVFO[FO CF
TUJNNUXFSEFOLÕOOFO%B[VXFSEFOEJF[XFJ'ÅMMFGOVOEGŭO
CF[ÛHMJDIEFS.JUUFMXFSUFVOUFSTVDIU%FS.JUUFMXFSUFJOFSBVTEFO
FJO[FMOFO.FTTSFJIFO[VTBNNFOHFTFU[UFO4JOVTSFJIFNJUEFS'SF
RVFO[GFSHJCUTJDIBMMHFNFJO[V
%FS.JUUFMXFSUFJOFSKFXFJMJHFO.FTTSFJIFNTUFMMUTJDIEBOOBMMHF
NFJOGPMHFOEFSNBFOEBS
   BOUSJFCTUFDIOJL
%*3&,5"/53*&#&
4VNNFOUFJMVOHTGFIMFSNJU',BMJ	Y
VOE3FTUBCXFJDIVOHGùS%511PTJUJPOTBCXFJDIVOH%51
6OUFSEFS"OOBINFGŭOXFSEFOCFJEF.JUUFMXFSUF[V/VMMEBEJF
4JOVTSFJIFOVSVNFJOFOLPOTUBOUFO"OUFJMFSXFJUFSUXJSE'ÛSEFO
'BMMGOXJSE(MFJDIVOH[V 	.FTTSFJIF
EBEFS5FSN
JN"SHVNFOU[VLšXJSE'ÛSBMMFXFJUFSFO.FTTSFJIFOBMTPNŭ
FSHJCUTJDIEFS.JUUFMXFSU[V
TJO 	
	 
NZ N U
Q
%BJNNFSHJMUNŭUGPMHUBVT(MFJDIVOHEBTT JTU%VSDI
EJF;FOUSJFSVOHXFSEFOTPNJUBMMF'SFRVFO[FOGOVOEJISF7JFMGB
DIFOFMJNJOJFSU
&JOF.ÕHMJDILFJUEJFTFT.BOLPBVT[VHMFJDIFOJTUEJFHF[JFMUF#F
TUJNNVOHWPO"NQMJUVEFVOE1IBTF[VEFS'SFRVFO[ GO%B[V
NÛTTFOÛCFSFJOFO#FSFJDIğYšOLPOUJOVJFSMJDI.FTTXFSUFFS
GBTTU XFSEFO 8FSEFO EJF ÛCFS EFO 4PMM*TU7FSHMFJDI EJSFLU CF
TUJNNUFO4VNNFOUFJMVOHTGFIMFS[VFSTUVNEJF'VOLUJPOTXFSUFBVT
EFS[VWPSCFTUJNNUFO,BMJCSJFSGVOLUJPO',BMJ	Y
	GÛSGŭO
SFEV[JFSU
TPFOUIÅMUEJFWFSCMFJCFOEF3FTUGVOLUJPO'3FTU	Y
OFCFOEFO[VGÅMMJ
HFO 'FIMFSO OVS OPDI 4JOVTTDIXJOHVOHFO NJU EFO 'SFRVFO[FO
GLO	Lŭ
#FJEF'VOLUJPOFO',BMJ	Y
VOE'3FTU	Y
LÕOOFOEBOO[V
FJOFS,BMJCSJFSGVOLUJPO[VTBNNFOHFGBTTUXFSEFO<>
"OXFOEVOHEFT7FSGBISFOT
%BT(*,WFSGÛHUÛCFSFJOFOFMFLUSPOJTDIFO;XFJ"DIT"VUPLPMMJNB
UPS&MDPNBUWPO.ÕMMFS8FEFMNJUFJOFS(FOBVJHLFJUWPOi
ÛCFSEFOHFTBNUFO.FTTCFSFJDIWPOiVOEJOOFSIBMCFJOFT
#FSFJDITWPOiWPOi"MT4QJFHFMQPMZHPOXJSEFJOëÅDIJ
HFT -FJU[ 4QJFHFMQPMZHPO FJOHFTFU[U EBT EJF &JHFOTDIBGU CFTJU[U
EBTTEJF1PMZHPOBDITFEFT(MBTLÕSQFSTQBSBMMFM[VS%SFIBDITFEFT
.FTTPCKFLUTBVTHFSJDIUFUXFSEFOLBOO%JF"OTUFVFSVOHEFS%SFI
UJTDIFVOEEFT"VUPLPMMJNBUPSTFSGPMHUÛCFS-BC7JFX	/BUJPOBM*O
TUSVNFOUT

%FSUBUTÅDIMJDIF(SBEEFS1BSBNFUSJTJFSVOHEFS,BMJCSJFSGVOLUJPO
TPMMUFJN;VTBNNFOIBOHNJUEFSKFXFJMJHFO1PTJUJPOTBCXFJDIVOH
<>EFT%JSFLUBOUSJFCTBCHFTDIÅU[UXFSEFOEBEJFTFEFO4VNNFO
UFJMVOHTGFIMFSÛCFSMBHFSU'ÛSEJF#FTUJNNVOHXFSEFOVOUFSTDIJFE
MJDIF1PTJUJPOFONFISGBDICFJETFJUJHBOHFGBISFOVOEEJF"CXFJ
DIVOHFO ÛCFS "VUPLPMMJNBUJPO CFTUJNNU %JFTF 1PTJUJPOTBCXFJ
DIVOHXJSEBMT(SFO[FCFJEFS#FTUJNNVOHTJHOJêLBOUFS'SFRVFO
[FOGÛSEJF,BMJCSJFSGVOLUJPOFJOHFTFU[U'ÛSEJFCFJEFO%SFIUJTDIF
XVSEFEFS3FGFSFO[QVOLUXJFEFSIPMUBOHFGBISFOVOEEJF1PTJUJPOT
BCXFJDIVOH [V i GÛS EFO%51 	#JME
 VOE i GÛS EFO%51
	#JME
CFTUJNNU"VŀÅMMJHJTUEBCFJEJFVOUFSTDIJFEMJDIF4USFVVOH
'034$)6/(&/58*$,-6/(
BOUSJFCTUFDIOJL  
%*3&,5"/53*&#&
C[XEBT[ZLMJTDIF7FSIBMUFOCFJN%51XFMDIFTTJDIBVGEJFVO
UFSTDIJFEMJDIFO8ÅM[MBHFSEFS%SFIUJTDIF[VSÛDLGÛISFOMÅTTU	%5
1,SFV[SPMMFOMBHFS%51%ÛOOSJOHMBHFS

&YFNQMBSJTDIXJSE IJFS EBT &SHFCOJT EFS ,BMJCSJFSVOH GÛS EFO
%SFIUJTDI%51WPSHFTUFMMU'ÛSEBT7FSGBISFOEFStFJOHFIÅOHUFO
.FTTSFJIFiXVSEFOWJFS.FTT[ZLMFOEVSDIHFGÛISUESFJNJU*OUFS
WBMMTDISJUUFOVOEFJOFSNJU*OUFSWBMMTDISJUUFO"MMFWJFSXVSEFO
KFXFJMTBVGEFO.JUUFMXFSUBVTEFN3PTFUUFOWFSGBISFO[FOUSJFSU%JF
"CXFJDIVOHFO EFS FJO[FMOFO 4VNNFOUFJMVOHTGFIMFS HFHFOÛCFS
EFO(FNJUUFMUFOMBHFOVOUFSIBMCWPOiBMTPJOOFSIBMCEFS1PTJUJ
POTBCXFJDIVOH"VTEFO4VNNFOUFJMVOHTGFIMFSOMÅTTUTJDIFJ
OF,BMJCSJFSGVOLUJPO',BMJ	Y
TDIÅU[FO	IJFS'SFRVFO[FONJUFOU
TQSFDIFOEFO1BSBNFUFSQBBSFO
VOEBMT3FTUBCXFJDIVOHWFSCMFJ
CFOi	#JME

%JF#FTUJNNVOHEFS.FTTVOTJDIFSIFJUFSGPMHUHFNÅ(6.<>
XPCFJEJFFJO[FMOFO.FTTVOTJDIFSIFJUFO[VSLPNCJOJFSUFO.FTTVO
TJDIFSIFJU
[VTBNNFOHFGBTTUXFSEFO%JF6OTJDIFSIFJUCFJEFS4DIÅU[VOHEFS
,BMJCSJFSGVOLUJPO',BMJ	Y
CFUSÅHUVD	Y
i%JF1PTJUJPOTBCXFJ
DIVOHMJFGFSUEJF4DISBOLFOCFJEFS#FTUJNNVOHEFS.FTTVOTJDIFS
IFJU OBDI 5ZQ # VOE GPMHU [V VD	Q
i 'ÛS EJF FSXFJUFSUF
.FTTVOTJDIFSIFJUFSHJCUTJDINJUEFN&SXFJUFSVOHTGBLUPS
;VTBNNFOGBTTVOH
8FSEFOSPUBUJWF%JSFLUBOUSJFCF[VSBCTPMVUFO1PTJUJPOJFSVOHWFS
&OHMJTI4VNNBSJFT0VSSFBEFSTXJMMêOEBO&OHMJTITVNNBSZ
PGUIJTSFQPSUVOEFSXXXWGN[EFTVNNBSJFT
XFOEFUTPMMUFFJOF,BMJCSJFSVOHEVSDIHFGÛISUXFSEFOXFOOEVSDI
EJFWPSHFHFCFOFO4QF[JêLBUJPOFOFJO[VHSPFS8JOLFMGFIMFS[VFS
XBSUFOJTU%BT3PTFUUFOWFSGBISFOBMT4UBOEBSEWFSGBISFOTPMMUFEB
IFSEVSDIEBT7FSGBISFOEFStFJOHFIÅOHUFO.FTTSFJIFOiFSXFJUFSU
XFSEFO%BEVSDITJOEEJF4UÛU[TUFMMFOOJDIUNFISCFTDISÅOLUBVG
EJF"O[BIMEFS4QJFHFMQPMZHPOëÅDIFOTPOEFSOTJFLÕOOFOBVGCF
MJFCJHF 8JOLFMJOUFSWBMMF FSXFJUFSU XFSEFO XBT EJF #FTUJNNVOH
IPDIGSFRVFOUFS"OUFJMFFSMBVCU.BHFCFOEGÛSFJOHVUFT.FTTFS
HFCOJTJTUBVFSEFNEJF1PTJUJPOTXJFEFSIPMHFOBVJHLFJUEFSFJO[FM
OFO%JSFLUBOUSJFCF%JFTFNVTT[VWPSCFTUJNNUXFSEFOVOETPMMUF
CFJ EFS 1BSBNFUSJTJFSVOH FJOFS ,BMJCSJFSGVOLUJPO CFSÛDLTJDIUJHU
XFSEFO &JOFXFJUHFIFOEF"VUPNBUJTJFSVOH EFT 7FSGBISFOT MÅTTU
TJDIFSSFJDIFOJOEFNFJO*OEFYUJTDI[XJTDIFOEFN1SÛëJOH	%SFI
UJTDI
VOE4QJFHFMQPMZHPONPOUJFSUXJSE
-JUFSBUVSIJOXFJTF
<>%FQFOUIBM$"VUPNBUJTJFSUF,BMJCSJFSVOHWPO3JDIUVOHTNFTTTZTUFNFOJO
SPUBUJWFO%JSFLUBOUSJFCFO)VFUIJH'BDIWFSMBHF"7/)FGU	

<>%*/-FJUGBEFO[VS"OHBCFEFS6OTJDIFSIFJUCFJN.FTTFO"VëBHF
#FVUI7FSMBH(NC)
<>)FOOFT.4JNVMUBOF4FMCTULBMJCSJFSVOHQFSJPEJTDIFS'FIMFSBOUFJMFWPO
ǔFPEPMJUFO'SFE%ÛNNMFST7FSMBH73	
4
<>/PDI34UFJOFS0%JF#FTUJNNVOHWPO,SFJTUFJMVOHTGFIMFSOOBDIEFN
3PTFUUFOWFSGBISFO;G*)FGU	
4
<>/VNFSJL+FOB&ODPEFS,JU3#BVTBU[GÛS8JOLFMNFTTVOH"OCBVWPSTDISJGU
,JU3"E
<>1FHMPX.0QUJTDIFS5FJMLPQGVOE4QJFHFMQPMZHPO-FJU[.JUU8JTT65FDI
#E**/S	
4
<>7%*%(24UBUJTUJTDIF1SÛGVOHEFS"SCFJUTVOE1PTJUJPOT
HFOBVJHLFJUWPO8FSL[FVHNBTDIJOFOm(SVOEMBHFO
¼6:E6C6®?7@C>2E:@?6?
# & 4 6 $ ) & /  4 * &  6 / 4 
.BJ
)BMMF
	"LUJPOTIBMMF

7FSFJOJHUF'BDIWFSMBHF(NC)
6(16257(67
',(0(667(&+1,.0(66(
